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PREFACE

Assembly Bill 118 (Nunez, Chapter 750, Statutes of 2007) created the Clean Transportation
Program. The statute authorizes the California Energy Commission (CEC) to develop and
deploy alternative and renewable fuels and advanced transportation technologies to help
attain the state’s climate change policies. Assembly Bill 8 (Perea, Chapter 401, Statutes of
2013) reauthorizes the Clean Transportation Program through January 1, 2024, and specifies
that the CEC allocate up to $20 million per year (or up to 20 percent of each fiscal year’s
funds) in funding for hydrogen station development until at least 100 stations are operational.

The Clean Transportation Program has an annual budget of about $100 million and provides
financial support for projects that:

e Reduce California’s use and dependence on petroleum transportation fuels and increase
the use of alternative and renewable fuels and advanced vehicle technologies.

e Produce sustainable alternative and renewable low-carbon fuels in California.
e Expand alternative fueling infrastructure and fueling stations.

e Improve the efficiency, performance and market viability of alternative light-, medium-,
and heavy-duty vehicle technologies.

e Retrofit medium- and heavy-duty on-road and nonroad vehicle fleets to alternative
technologies or fuel use.

e Expand the alternative fueling infrastructure available to existing fleets, public transit,
and transportation corridors.

e Establish workforce-training programs and conduct public outreach on the benefits of
alternative transportation fuels and vehicle technologies.

To be eligible for funding under the Clean Transportation Program, a project must be
consistent with the CEC's annual Clean Transportation Program Investment Plan Update. The
CEC issued PON-13-606 to fund electric vehicle charging infrastructure installation across a
range of categories. In response to PON-13-606, the recipient submitted an application which
was proposed for funding in the CEC’s notice of proposed awards on April 4, 2014 and the
agreement was executed as ARV-14-016 on August 18, 2014.



ABSTRACT

In response to the electric vehicle charging infrastructure solicitation, US Hybrid Corporation
proposed to design, develop and implement a renewable solar powered charger with multiple
electric vehicle supply equipment to facilitate alternating and direct current electric vehicle
charging, and battery storage capability, at the US Hybrid Corporation headquarters in
Torrance, California.

Battery electric and plug-in vehicles are more commercially viable and available than ever
before; however, the lack of charging infrastructure limits the mainstream utilization and
deployment of this promising technology. There is a fundamental need to expedite the
installation of electric vehicle supply equipment at commercial, workplace, and publicly
accessible buildings or locations.

Government funding is needed to assist the end-user in the infrastructure upgrades due to the
high cost. Also, there is a need to utilize off-peak charging to reduce stress on utility
distribution and reduce the cost of charging energy. Lastly, there is a need to integrate this
electric vehicle supply equipment with renewable resources to provide truly zero emission
transportation. A small amount of renewable solar generation in concert with energy storage
provides a significant reduction in average utility charges and demand during peak hours.

Keywords: Renewable Energy, Workplace Charging, Vehicle to Grid, Peak Demand
Reduction, City of Torrance, US Hybrid Corporation, Electric Vehicle, Electric Vehicle, Direct
Current Fast Charger

Please use the following citation for this report:
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EXECUTIVE SUMMARY

California has been a dynamic force for shifting to sustainable and renewable energy sources,
including solar and wind, to reduce greenhouse gas emissions with a specific focus on on-road
and off-road mobile sources. In the past several years, there has been explosive growth in
support for zero-emission deployment and renewable charging, particularly in photovoltaic
solar installations. Electricity, regardless of energy source, must be used the instant it is
generated, which makes solar and wind resources challenging to manage on the power grid.
Power from these renewable generation sources is generated at different times and does not
always align with electricity demand. The next step in commercial building is to reduce peak
demand charges to minimize the impact of high-power electric vehicle charging.

Integration of local battery energy storage can provide a facility with peak demand power,
reducing the total cost and supporting the management of distribution grid overload and load
demand. Renewable energy integrated with battery storage augment the grid, in contrast to
the operation of power-generating microgrids that are independent of the grid.

The purpose of the project was initially to provide renewable electric vehicle charging, off-peak
charging and vehicle to grid power transfer to allow potential utilization of electric vehicles’
onboard batteries to support the utility during peak hours. This strategy would not only
minimize the impact of electric vehicles on the grid, but also use the electric vehicles as a
resource to stabilize the grid during peak hours and provide urgently needed power to meet
the distribution load demand during peak load hours. However, due to restriction from the
employee’s authorization to allow the use of their vehicles, we concluded that installing an
energy storage in the facility (repurposed batteries) would allow better optimization of energy
and power and not restrict employee’s vehicle utilization.

Typical renewable generation installations at community or utility facility levels do not include
energy storage, relying instead on the utility grid to absorb and balance intermittent renewable
generation. These installations cannot provide backup power in the event of a grid outage and
do not increase energy security or reliability for the host community. In fact, larger levels of
intermittent renewable generation at the distributed/community and utility scale is challenging
grid stability statewide and is a critical barrier to installing more renewables in California.

To explore these challenges, a renewable photovoltaic energy system and battery energy
storage were designed, installed and tested at the US Hybrid Corporation facility in Torrance
California. The project team used commercially available photovoltaic renewable solutions and
up to date alternating current J1772 and fast direct current charging ports with the innovative
battery storage and fast dynamic DA04, bi-directional alternating current-direct current
products to implement renewable energy utilization and peak demand management. The total
photovoltaic installed is less than one percent of facility feeder size (1.2 megawatts) and the
battery energy storage was less than three percent but was able to provide average energy
use by more than 20 percent and actual monthly saving of over $1,200, while supporting more
electric vehicles and plug-in hybrid electric vehicles for employees and offer public charging.

The project team successfully designed, constructed and provided two alternating current
J1772 ports, and one fast direct current-charge port, for employee and public use, while
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reducing the average monthly energy use by 20 percent and over $1,200 saving per month.
The system operation and control were optimized using the developed model.

Capital costs of the project were measured and documented as part of the project budgeting
process. The project team successfully commissioned the system and ran it through a full
range of operational scenarios and failure modes. The system has been operating with over 92
percent availability.

In addition to the charge ports, US Hybrid Corporation has added two 40 kilowatt chargers for
trucks and buses and additional high-power test equipment (dynamometers and 380-kilowatt
power converter products test cell) and peak demand charge count for 55 percent of the
monthly utility bill, which is mostly due to testing the high-power alternating current/direct
current, direct current/direct current and electric powertrain systems. The peak demand
control algorithm utilizing the on-site battery storage has proven to be effective and we plan to
expand the program and battery storage system capacity (200 kilowatt-hours, utilizing
repurposed batteries from commercial battery electric vehicles) and power (200 kilowatt-
hours) with an interface to facility feeder panel to remedy the peak demand charges

Meanwhile, we continue to provide free public alternating current J1772-Level II and direct
current fast charging as well as a charger for our employees. US Hybrid Corporation
employees operate two battery electric, three plug-in, and two fuel cell vehicles along with
charging for trucks and buses (80 kilowatts, onboard charger) in support of our vehicle testing.

The project successfully demonstrated that a small renewable energy generation and energy
storage can provide a substantial reduction in utility operation cost (less than 20 percent lower
average daily kilowatt-hour and cumulative energy saving over 16 months).

The peak demand management is proven to be the most cost-effective product and US Hybrid
Corporation is planning to extend this system to a commercial product offering for commercial
building usage that has many cyclic loads. The project also significantly advanced commercial
building peak demand management utilizing localized energy storage, whereas currently most
of such efforts focused on load management and scheduling, which may not be effective for
facilities with cyclic loads.



CHAPTER 1:
Project Background and Objectives

The goal of this agreement is to develop and deploy alternative fuel and renewable energy
advanced transportation technologies to help attain California’s climate change policies. This
project will further the state’s goals through the installation of renewable energy charging
stations and will enable off-peak charging, reducing the cost and grid impact as the
deployment of electric vehicles substantively increases.

The objectives of this agreement are to provide renewable electric vehicle charging, off-peak
charging and vehicle to grid power transfer to allow potential utilization of electric vehicles
onboard battery to support the utility during peak hours and not only to minimize the impact
of electric vehicles on the grid, but also use the electric vehicles as a resource to stabilize the
grid during peak hours and provide urgently needed power to meet the distribution load
demand during peak load hours.

US Hybrid Corporation proposes the implementation of a renewable solar power charger with
multiple electric vehicle charge points and vehicle to grid capability at the company’s
headquarters in Torrance, California. The proposed renewable energy smart grid charge ports
will also utilize battery storage that can be charged via solar power or off-peak rates, reducing
facility peak demand charges. US Hybrid Corporation will utilize their bi-directional direct
current/alternating current converter to provide power generation to the grid either via solar
generation, battery storage or the vehicle battery to assist the grid in peak demand with
voltage stability and loading. The renewable energy charge ports will provide charging for
company employees who drive electric vehicles (including Ford Transit Connect, Chevrolet Volt
and S-10 EV). The company would provide free charge energy and preferred parking spots to
these employees driving battery and plug-in electric vehicles.

Figure 1 shows the proposed renewable energy generation and charging stations.



Figure 1: Renewable Energy Charge Stations and Battery Storage Schematic and

Visual
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The technical description of the proposed renewable energy charge port system depicted in
Figure 1 is as follows:

a) Two Level 2 electric vehicle supply equipment charging ports with Society of
Automotive Engineers J1772 connectors with a rated output of 6.6 kilowatt alternating
current
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b) One direct current fast charger electric vehicle supply equipment charging port
combined with a Society of Automotive Engineers 11772 Combined Charging System,
25-kilowatt direct current

c) A 10-kilowatt solar system with a bi-directional converter to provide power to meet the
charger load or the battery charging with Maximum power point tracking.

d) The solar charging station will also function as carport for up to three vehicles.

e) A 30-kilowatt-hour lithium ion battery for local energy storage to allow charging energy
during off-peak and powering the facility to reduce the peak demand load, while
providing charging energy to the vehicles as needed.

f) A 30-kilowatt bi-directional direct current/alternating current converter with anti-
islanding to enable off-peak charging and peak demand reduction and power-to-grid
during peak demand.

g) The electric vehicle supply equipment will be utilizing an open source protocol as a
basic framework for purposes of network interoperability.

h) The renewable energy charge and smart grid system has Controller Area Network with
real time operation status reporting via local Wi-Fi and cellular system.

The proposed site is located at US Hybrid Corporation’s headquarters at 445 Maple Avenue in
Torrance California, 90503. The facility is within an eight-mile radius from major urban areas
such as Torrance, Redondo Beach, Manhattan Beach, Gardena, and Hawthorne.

The site has been US Hybrid Corporation’s corporate headquarters for the last 11 years and is
in @ non-residential place of business. US Hybrid Corporation is the owner and lease operator
of the site and facilities, which is used as a workplace for design and development of
powertrains for electric, fuel cell, and plug-in hybrid vehicle systems.

Figure 2 and Figure 3 show the renewable charge port smart grid facility and locations.

F|gure 2 us Hybrld Corporatlon Location

Location of

Charge Ports



Figure 3: US Hybrid Corporation Location and Surrounding Cities
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US Hybrid Corporation’s operational goals and objectives for the project are as follows:

Provide renewable energy electric vehicle charging to provide zero emission
transportation

Reduce the facility’s electric utility bill by eliminating/minimizing the peak demand
charge

Provide off-peak charging and energy storage to reduce the overall electric utility
charges

Provide energy to the grid during peak time to enhance grid stability and capacity from
either the stored energy in the battery, the solar power or the vehicle battery via vehicle
to grid

Support and encourage US Hybrid Corporation employees to drive electric and plug-in
vehicles.

US Hybrid Corporation will provide an electric car to the employee of the month free of
charge for the six months of operation, at which point the incentive program will be
reevaluated for a potential twelve-month extension



CHAPTER 2:
Solar Panels and Photovoltaic Converter

2.1 Activities Performed and Changes Made

The project involves the implementation of a renewable energy system with a photovoltaic
system, battery charger, and battery storage with multiple electric vehicle supply equipment
and vehicle to grid capability at US Hybrid Corporation’s headquarters in Torrance, California.
Appendix A includes the project data sheets for the components used in this project. The
proposed renewable energy smart grid charge ports will also utilize battery storage that can be
charged via solar power at off-peak rates, reducing facility peak demand charges.

This report includes a technical description of the system capabilities, system design of major
components, and breakdown of each major components’ operating specifications. Computer
Aided Design drawings showing exact dimensions of canopy system and a site plan showing
the placement of components will be released once ongoing structural revisions requested by
the City of Torrance are complete.

The installation is a result of US Hybrid Corporation’s electrical, mechanical, and project
personnel design work. The design incorporates constraints, electrical and structural, posed by
off-the-shelf components and in-house US Hybrid Corporation products.

2.1.1 Technical Description

The system features a canopy that will have two solar panel arrays (shown in Figure 4)
capable of producing up to ten kilowatts in the combined array. The panels will supply power
through a converter (shown in Figure 5) to three alternating currents charge ports (shown in
Figure 6, Figure 7, and Figure 8) that are Level 2 Society of Automotive Engineers 11772,
capable of outputting 6.6 kilowatts of power. The renewable energy charge ports will provide
charging for company employees who drive electric vehicles, including a Ford Transit Connect,
Chevrolet Volt, and S-10 electric vehicle. There is an additional three-phase, 208-volt direct
current charge station rated at 20 kilowatts for fast charging. The fast charger will adhere to
CHAdeMO standards, and depending on the direct current fast charger vendor, will have the
ability to add a Society of Automotive Engineers Combined Charging Standard. Currently, no
vendor selling direct current fast charging units supports a vehicle to grid interface. However,
it is intended that this ability be added when/if possible. Physically, the canopy provides both a
structure to house the panels and charge ports and shade for the electric cars. The canopy will
span six car spots, with the charge ports staggered every other space. The fast charger will
occupy one car spot due to its size and installation requirements.






Figure 6: US Hybrid Corporation Charging Station




Figure 7: US Hybrid Corporation High Speed Charging Station
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Figure 8: US Hybrid Corporation Charging Stations

A total of 30 kilowatts of on-site lithium ion battery energy storage is available to allow
charging when solar energy is too low, as well as to accept solar energy that is not being
used. The battery also serves as an energy management tool. It can supply power to US
Hybrid Corporation’s facility to reduce the peak demand load when not providing energy to
charge vehicles. Because the battery is direct current and the charging system and grid is
alternating current, an inverter is required for the battery system (the direct current fast
charger also takes alternating current and then converts it to direct current). US Hybrid
Corporation is providing its in-house DAQO4 inverter for this application. The DA04 has been
purposely designed for bi-directional direct current/alternating current operation of fast and
dynamic systems. Such inverters are hard to find on the market. Those that exist are mainly
designed for smart grid and battery storage applications, sized at a higher power of 100
kilowatts-1 megawatt. In contrast, the DA04’s power requirement does not exceed 30
kilowatts.

Moreover, there is no such product rated for the 220-volt, three phase system that meets the
system specifications we have. If any other inverter is used, it would require customization,
resulting in substantial cost beyond the original scope of work. For reference, the DA04 has
been a US Hybrid Corporation commercial product since 2007 and is very cost competitive with
fast dynamic response (sub-cyclic response to support microgrid stability and reactive power
control), high power density, and high reliability. Therefore, it is the best product of choice for
our renewable energy system.

In terms of system control, the electric vehicle supply equipment will be utilizing an open
source protocol as a basic framework for purposes of network interoperability. The renewable
energy system has Controller Area Network control with real-time operation status reporting
via Wi-Fi and cellular system.
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US Hybrid Corporation has done extensive power flow, energy flow, and battery power flow

modeling. From such analyses, the following are key performance metrics relative to our
facility:

1. The renewable energy system will monitor the facility total current use (adding
additional current sensors to the power panel post after the meter-please, see eGauge
monitoring unit). The main objective is to reduce peak power demand and charges.
Reducing peak power demand is the main objective of this renewable energy project
that will result in utility bill reduction. The system will minimize the power flow into the
grid and out of the grid, to maximize efficiency, by controlling generation and storage.
Our facility energy need is much higher than the solar power, so we will always be net
positive power demand from the grid, unless over the weekend or holidays, but the
project is not about renewable energy resale.

2. The future product plan for our proposed renewable energy storage system, once

proven viable through this project, is to provide Daytime Renewables Energy
Curtailments.

Current day power generation experiences a utility duck demand curve (illustrated in Figure
10), as developed by the California Independent System Operator. The duck demand curve
describes how massive amounts of customer-sited photovoltaic and wind systems could cause
problems to the state’s supply-demand balance on its electricity grid due to over-generation.

Figure 9: Duck Curve Showing Deep Ramping Needs and Over-Generation Risk
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Over-generation happens when more electricity is available than is needed to satisfy real-time
electricity demand requirements. The California Independent System Operator experiences
12



over-generation in two main operating conditions. The first occurs as the Independent System
Operator prepares to meet the upcoming upward ramps that occur in the morning and in the
late afternoon. The existing fleet includes many long-start resources that need time to come
online before they can support an upcoming ramp. Through placing an on-site battery storage
system and vehicle charging on demand (Figure 11 and Figure 12), the renewable solar
energy is not curtailed.

Figure 10: Renewable Energy Solar Charge Station System Configuration
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Figure 11: Solar Charge Port System to Facility
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2.2 Project Activities Timeline Summary
The project took about four years to complete. A timeline of the project activities is listed
below in Table 1.
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Table 1: Project Timeline

Date

Activity

September 2014

e Attended the Kick-off Meeting.

e Released the schedule of products on
September 12.

e US Hybrid Corporation updated the list of
permits on September 19 in coordination with
city of Torrance Planning Division of the
Community Development Department to obtain
list of permits and Obtained Permit.

October 2014

e Drafted customized drawings of the canopy and
sent then to Pacific Structures for civil
engineering certification and input.

e Contacted Southern California Edison and
determined the necessary paperwork to request
net energy metering.

November 2014

e Pacific Structures recommended we contract
K&M Structural Engineering, LLC for the
structural design and permitting work. We
received the structural analysis results from the
preliminary designs we sent to K&M Structural
Engineering, LLC.

e Internal review of necessary paperwork to
request net energy metering.

e Finalized the top-level system configuration.

December 2014

e Finalizing electrical drawings necessary to
request net energy metering to submit with the
K&M Structural Engineering, LLC drawings to the
city and Southern California Edison.

January 2015

e Finalized electrical drawings. Requested City of
Torrance for electrical permitting appointment.

February 2015

e Revised plans. Worked with electrical equipment
vendor on procurement of chargers and
monitoring units.

e Worked on battery-pack drawing for engineering
mounting.

March 2015

e Revised structural drawings.

e Delivered specifications report.
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Date

Activity

Met revision request of the CEC for design
specifications report. Also designed around a
direct current fast charger that is CHAdeMO.

April 2015

Panels and solar inverters to arrive in May.

Discussions with the CEC on direct current fast
charging.

US Hybrid Corporation is actively performing a
search of direct current fast charge vendors.

May 2015

Panels and solar inverters have arrived and are
on-site.

Initiated DA04 design.

June 2015

Selected direct current fast charger vendor. Has
both the Society of Automotive Engineers and
CHAdeMO.

July 2015

Application form 14-957 filed with Southern
California Edison on August 4. Obtained an
extended purchase order for the direct current
fast charger.

August 2015

Fabricated DAO4.

Installation and preliminary testing of DA04.

September 2015

Continued pursuit of Southern California Edison
for project approval

October 2015

Critical Project Review meeting held with the
CEC.

November 2015

Due to delays in permitting, schedule has been
pushed back by a few months.

December 2015

Executed agreement amendment for no-cost
time extension.

January 2017

Finished installation of charge system.

Continued software development, Increased
system energy load, Continued battery testing.

February 2017

System commissioned.

March 2017

Open for workplace and public access charging
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Date Activity

September 2018 e Continued operation. As of September 2018,
there have been over 1,287 unique charge
session events.

Source: US Hybrid Corporation

2.3 Energy Savings and Economic Analysis

The energy utilization statistics that were pulled from Southern California Edison billing periods
of July 2016 to February 2017, before the implementation of the solar panels, is presented in
Table 1. The data also consists of billing periods from July 2017 to February 2018, after the
implementation of the solar panels. Using the data provided, there has been an overall 20
percent reduction in average kilowatt-hours/day and a 23 percent reduction in total cumulative
kilowatt-hours (illustrated in Table 2, Table 3, Table 4, Figure 13, and Figure 14).
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Table 2: Facility Energy Usage Statistics Before Photovoltaic Installations (2016-2017)

July | August | September | October | November | December | January | February
2016 2016 2016 2016 2016 2016 2017 2017
Total
Kilowatt- 12,516 | 13,447 13,254 14,446 6,158 9,460 10,891 9,452
hours Used
Number of 30 29 32 30 19 31 31 32
Days
Average
Kilowatt- 417 463 414 481 324 305 351 297
hours/Day
Cumulative
Kilowatt- 12,516 | 25,963 39,217 53,663 59,821 69,281 80,172 89,624
hours
Utility Bill
($/Kilowatt- | $0.31 $0.33 $0.38 $0.28 $0.17 $0.19 $0.28 $0.21
hour)

Source: US Hybrid Corporation
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Table 3: Facility Energy Usage Statistics After Photovoltaic Installations (2017-2018) and Cumulative Data

July August | September | October November | December January February
2017 2017 2017 2017 2017 2017 2018 2018

Total
Kilowatt- 8,900 10,508 9,388 9,687 9,019 8,227 8,928 8,301
hours Used

Number of

30 31 30 29 30 31 32 31
Days

Average
Kilowatt- 296 338 312 334 300 265 279 267
Hour/Day

Cumulative
Kilowatt- 8,900 19,408 28,796 38,483 47,502 55,729 64,657 72,958
hours

Utility Bill
($/Kilowatt- | $0.69 $0.55 $0.54 $0.32 $0.27 $0.32 $0.25 $0.33
hour)

Average
Kilowatt-
hour/Day

Savings

29% 27% 25% 31% 7% 13% 21% 10%

Cumulative
Kilowatt-
hour
Savings

29% 25% 27% 28% 21% 20% 19% 19%

Note: US Hybrid Corporation has added an additional 550 kilowatt of load (High power direct current-direct current and dyno testing) to its
facility, hence compression is not relevant.

Source: US Hybrid Corporation
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Figure 12: Energy Saving Due to Renewable Energy Photovoltaic Installation
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Table 4: Dual 5.2-Kilowatt Photovoltaic System Average Energy per Month

Month Inverter 1 (Kilowatt-hours) | Inverter 2 (Kilowatt-hours)
March 2017 84.6

April 2017 934.1 Inspection Issue
May 2017 887

June 2017 853.1 568.9

July 2017 869.9 895.8

August 2017 783.1 814.1
September 2017 | 762.9 783

October 2017 666.2 683.6
November 2017 | 501.4 525.7

December 2017 | 471.8 511.9

January 2018 479.3 510.1

Source: US Hybrid Corporation
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Figure 13: Photovoltaic System (Dual 5.2-Kilowatt Photovoltaic System) Energy
Report

Analytics [2017-01-01 - 2017-12-31]

Total Energy generated by Inverter 1 [230008001450000556 PVI 5200TL] = 6.81 MWh
Total Energy generated by Inverter 2 [230008001502000033 PVI 52007TL] = 4.78 MWh
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Source: US Hybrid Corporation

From March 2017 to February 2018 we have generated a total of 30,892 kilowatt-hours, which
offset 2,728 gallons of gasoline and helped avoid 19 tons of carbon dioxide equivalent
emissions. We have provided three electric vehicle charge ports for public use (heavy use due
to proximity to Galaxy Soccer American Youth Soccer Organization fields in Torrance). During
this period, there was a total of 1,287 public car charging sessions (Figure 15).
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Figure 14: Overall Benefits of Renewable Electric Vehicle Charging System
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Source: US Hybrid Corporation

2.4 Battery Storage and Peak Demand Performance

Several test cycles in grid-connected mode demonstrated that the system controller was
capable of peak-shaving and time-shifting of loads via battery system dispatch. Extensive
modeling of system performance using measured loads and the applicable Southern California
Edison tariff structure, conducted during the facility study phase of this project, indicated that
substantial levels of utility savings would be achievable at the facility, given these capabilities
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at the tested levels. With optimal scaling of photovoltaic generation and battery storage
capacities, the modeling indicates that grid-connected utility savings in the 30 percent or
greater range would be achievable for facilities or communities under current Southern
California Edison tariff structures.

Figure 16 depicts the battery storage system (DA04 performance data) demonstration’s
various operation modes;
e Mode 1: Charging the battery from renewable, photovoltaic energy and the grid.
e Mode 2: Grid charging power management (photovoltaic power reduction)
e Mode 3: Battery power is fed to the grid (peak demand reduction algorithms)

Figure 15: Power Flow from the Battery Storage System (DA04 Operation Data)

In this mode, the converteris charging the battery from
thegrid (AC-»> DC); the battery voltage (orange) rises
and the DC current (pink) is negative (into the unit)

Name
= Jac_target [A_rms]
Vde [V]

AC_power [KW]
DC_power [kw]
= Idc[A]
[05,5131.1137¢] 0 200 400 600 800 1000 1400 1600 1800 2000 2200 2400 2 00 3400 3600 3800 4000 4200 4400 4600 4800 5000

100s/Div [s)

We here lowerthe allowed AC current (dark blue),

3 3 - In this mode, the converter is discharging the
which reduces the power (grey and light blue).

battery and pushing power back into the grid (DC-
=AC); the battery voltage (orange) goes down and
the DC current (pink) is positive (out of the unit)

Source: US Hybrid Corporation

US Hybrid Corporation peak demand charges count for 55 percent of the monthly utility bill,
which is mostly due to testing the high-power direct current to direct current and powertrain
system. To remedy the peak demand charges, we scheduled our testing and planned to add
additional battery storage.

The peak demand control algorithm has proven to be effective and we plan to expand the
program and battery storage system capacity and power with the interface to the facility
feeder panel. Meanwhile, we continue to provide public charging as well as a charger for our
employees. US Hybrid Corporation employees operate two battery electric, three plug-in, and
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two fuel cell vehicles along with charging for trucks and buses capable with dual 40-kilowatt
onboard chargers.

2.5 Problems and Resolutions

This project involves the implementation of a renewable solar power charger with multiple
electric vehicle charge points and vehicle to grid capability at US Hybrid Corporation’s
headquarters in Torrance, California. The renewable energy smart grid charge ports utilize
battery storage that can be charged via solar power or at off-peak rates, reducing facility peak
demand charges.

A problem with the permitting issues between Southern California Edison and City of Torrance
caused a delay in deployment. A minor problem with our server security and the
Solectria/Yaskawa license for the data collection via Wi-Fi delayed data reporting for two
months. After the renewal of the license, we were able to accurately collect the data.

Installation cost, insurance complication and equipment protection required us to install the
panels and inverters inside the facility and the photovoltaic was installed on the roof.

23



GLOSSARY

CALIFORNIA ENERGY COMMISSION (CEC)—The state agency established by the Warren-
Alquist State Energy Resources Conservation and Development Act in 1974 (Public Resources
Code, Sections 25000 et seq.) responsible for energy policy. The Energy Commission's five
major areas of responsibilities are:

1. Forecasting future statewide energy needs
Licensing power plants sufficient to meet those needs
Promoting energy conservation and efficiency measures

Developing renewable and alternative energy resources, including providing assistance
to develop clean transportation fuels

5. Planning for and directing state response to energy emergencies.

HwWnN
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APPENDIX A:
Product Data Sheets and Electrical Permit

The project data sheets and electrical permit used in the project located at US Hybrid
Corporation’s headquarters in Torrance, California are shown in Figure #16.

Figure 16: Product Data Sheets and Electrical Permit
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CS Series EVSE

OUR FLAGSHIP PRODUCT

o UL listed. Outdoor Rated (NEMA 4) enclosure.

* Reclosure: Smart software that automatically self-checks unit and resumes
charging after minor fault.

® Gharge Circuit Interruption Device: Ground Fault protection with fully automatic
self-check feature that eliminates the need for monthly testing by user.

e Service Ground Monitor: Gonstantly checking for presence of proper safety ground.

o External Control Input: Allows external control from smart meter (AMI), billing or
load management device.

o (Gold Load Pickup: Time-delayed and randomized to allow re-energizing of unit
following power outages.

PRODUCT SPECS

e Service Entrance: 208Y to 240V - 20 to 100 Amps, single phase, 2 wire w/ground

o 17" Wx 14" Hx 6" D (430mm W x 360mm H x 150mm D) NEMA 4 Construction

® Operating Temperatures: -22 Fto 122 F (-30 C to 50 G}

AVAILABLE THIS FALL
* |nnovative low cost BILLING SYSTEM
© SMART GRID Enabled EVSE - tie directly into your AMI Meter

CODES, STANDARDS AND RECOMMENDED PRACTICES

UL 2202 Charging Station Safety

UL 2231 Personal Protection Device (i.e., GCID hardware)

UL 1998 Standard for Safety Related Software

UL 991 Standard for Tests for Safety-Related Gontrols Employing Solid-State Devices
NEG 625 Electric Vehicle Charge System

SAE-J1772 Electric Yehicle Conductive Charge Goupler

The CS line offers multiple currents that enable you to charge at the highest rate
possible, so that vehicles are always fully charged.

Model (S-100 GS-90 0S80 CS-70 GS-60 CS-50 GS-40 CS-30
Circuit Breaker 100 90 80 70 60 50 40 30
Rating, Amps

Continuous 80 72 61 56 48 40 ? n
Current, Amps

QUESTION?
Call 530-887-1674 or Information@ClipperCreek net

D CLIPPERCREEK
//I I THE Electric Vehicle Charging Station

ClipperCreek.com




Introducing the world’s first UL Listed
electric vehicle charge station

(S Series Public EVSE

SAFETY. RELIABILITY. IRNOVATION, ANTICIPATION. If wou're losking Tor the safest,
most reliable and aflordable EVSE charge station, then ClipperCed is the smar
ol I fact, wa'te D ficst cormpany in e workd B msst the gl testing
standards of Unclergriter's Laboratories Lo eam their UL listing far not ong, but six
ol our ENSE products, Sowhat canoe di for wou?

® Originally founded in 1992 — currently on L2th generation of products

# Products in the fizld far oeer 10 years

w (hoer 3 000 units delivered singe 2005

# Exclustie manufactorer for BVW Mini and Tesla Level 2 EYSE

 Long history of working close by with industry leading Ubilities and futomakers
 Smart "rechsne” technokey hat seff-dests, resels and ensures sour canwill be charged

D DLII‘-"F’EREREEI{

THE Eleetric Valmele Lirarghng Stalor

ClipperCreek.com



B Input

Atsplne Meximum Open Circut Yokrge BOCVDL
(peret irg Velteze Panee in-55al ki
MPFT Inzutvoltage Rang e 200 HOVDD
MPFTmckers L 2
Mezimum Oz ereding Input Cursrt and L A pe MIPP ke A=A per MPPrar ks >08 ser WEP Lincke
S1MT Vohige 150%
Mgt |
MoEnEl QuEput ¥olTaE & 0Bl 2A0WAL, 1.Fh
ALWoliepzRange 1R
00 VAL 200 A0 LA 0
EominmoueC Lt Fomer Ida WAL bLITIT o0 £zl ma00 W
0B WAL L ER =A b B HFA
Continucus 0wl st Curnent
o VAT 14 216k EEA - 3LTE
Mexinnuim Eardfeed Current oA
Moernel Quzpie Fequency wiHz
Ol past Frequeney Ranpe LN T ]
Fiewii FAC1BT Uniiy, > 028
Tetal Harm onic Fsteriien (THE @ R eied Leod (5%
T B i e |
Feak EMdency SB35
CECEFienty Eha=L
Teleloss W
Ambir-d Tempriehzre Bomgs [full poowed] 4350 +232°F 2300 o +5070)
S0 ke o i i B g 0 10 +1 B3F |40%C 10 B 5T
e adree Huprid sy [mon-eandenming] 4006
Oparating ALiuts E%53Mfa000 i
| tate oo |
Optonel Golren v ewdeh-oosed Womorng Extemal
Opionel fevenue G ado Moo nonng Extamal
Extemel CopiHunicetion ntzriace RE5 4B%
Taating & Cartifoal lons
Sofety Listihgs & Certif cetions IFL LF4ANIEEE 1547, UL L 659E_ CEACEE iRl FOC pare SAAE
TestingpApency (]} 54
ey |
Standend 10year
Optonel -
cBA [Peakel] Beting LAY L ]
DL DN faCL Sreraderd, Tully-inegiasd
S—— TR s
Waight 43 s (105 kg) £aibg 205 i=|
Enzlosurc Rriing Tepod B0t MisiConpsion Froiociion
Ercinsurs finiak Aluminum

~SOLECTRIA

T AYASHAWA COMPANY  wwwsalectiocom | lnverses@sclectriarem | 97R.6832.5700

aetea. Geinharl0ls DOCEOTTI T8 E

e sinckinch

ALE alind

Caprerigh &



S

TECHMICAL SPECIFICATION

CHARGING STATION G2 24kW-DC

Date

10/0172015

Author(s) | Sebastien LE FLOCH
Friedemann
Contact STEINBACH

CHARGING STATION G2 24kW-DC

Phofo only for examyple

A Quick charging station for Electric Vehicle (EV)

Technical Specification




il Diate 10/0472015
TECHHICAL SPECIFICATION Authors) | Sebastien LE FLOCH
CHARGING STATION G2 24kW-DC :
Contact Friedemann
STEINBACH
REVISIONS
Rev Date Description Edited by Verified by
Rev 1.1 | 040772015 | Creation Sébastien LE FLOCH Francois XARDEL
Rev 1.2 | O7/06/2015 | add various car coupler Sébastien LE FLOCH Francois XARDEL
Rev 1.3 | 10/0172015 | Draft - under validation Sébastien LE FLOCH Francois XARDEL
Table 1 — Revsions
1. REFERENCE DOCUMENTS
Reference Date: i SourcelAuthor
documentis) Title
20DE/95/EC Dec 2006 Low voltage EC directive (LVD) EC Commisgion
2004M108/EC Dec 2004 EC electromagnetic directive EC Commission
EME1851-1 Apr 2012 Charging gystem for Electric Vehicle European Standards
IEC 615851-23 Mar 2014 Charging system for Electric Vehicle — DC station | IEC
EME1851-21-2 Jun 2002 Part 21-2 EMC requirements for OFF board | European Standards
eleciric Vehicle charging system
UL Oct 2009 Electric Vehicle (EV) charging system Equipment | UL Standards
SAE JITT2? Jan 2010 Eleciric ‘_ufehicle and Plug Hytwid Electric Vehicle | SAE international
Conductive charge Coupler
UL2231-1 Sept 2012 Personal Protection Systems for Electric Yehicle UL Standards
{EV) Supply Circuit: General Reguirement
Sept 2012 Personal Protection Systems for Electric Yehicle UL Standards
ULZ>31-2 (EV) Supply Circuit: Particular Requirements for
Protection Devices for Use un Charging Systems
. Dec 2009 Plugs, Receptacles and Couplers for Electric UL Standards
L2251 Yehicles
UL2564 Feb 2013 Electric Vehicle Supply Equipment UL Standards
FCC part 15 Aug 2002 Part 15 - Radio Frequency device FCC
ISWIEC15118 Apr 2013 Charge Communication systems Standards IS0
UL746C Aug 2009 Polymerc Materials — use in electrical equipment | UL Standards

Table 2 — References
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0 KYOCERA

CUTTING EDGE TECHNOLOGY

As 2 pioneer with four decades of experience in the
development of photovoltaic systems, Kyocera drives the
market as a leading provider of PV products. We
demonstrate our Kaizen philosophy. or commitment to
continuous improvement, by seming the industry standard
in the innovation of best-in-class sclar energy equipment.

QUALITY BUILT IN
= \/-stabilized, anodized aluminum frame in black

» Supported by major mounting structure manufacturers

= Easily accessible grounding points on all four comers
for fast installation

= Proven junction box technology with 12 AWG PV wire
works with transformeriess inverters

* Locking plug-in connectors provide safe, quick connections

PROVEN RELIABILITY

= Kyocera modules confirmed by the Desert Knowledge
Australia Solar Centre to have the highest average
output of any crystaliine module

* First module manufacturer in the world to pass long-
term sequential testing performed by TUV Rheinland

= This series construction also passed TUV Rheinland's
Sait Mist Corrosion Test at Severity Level &, the maost
intense test conditions available

= Only module manufacturer to achieve the rank of
“Performance Leader® in all six categories of GTM
Research's 2014 PV Module Reliability Scorecard

CERTIFICATIONS

= UL1703 Certified and Registered, UL Module Fire
Performance: Type 2, CEC

= NEC2008 Compilant, IEC 61215/61730, and IS0 14001
= |EC61701 Ed.2 Severity 6 (5alt Mist Corroslon Test)

@ @ @
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e. Electric Architecture
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5. ELECTRICAL DEFINITION

a. AC tri-phase input requirement

The power aupply to the charging station 24kW D}C must include the 3 phase wirea “X ¥ Z°, and the ground wire
“G". The neutral wire “N" connection iz not mandatory (the changing station can operate without neutral wire). The
materials for wires, insulation and marking must comply with National Electrical Code NFPA 70 in case of
installation in USA and must comply with any other standard regulation in effect locally. The pressnce of the
grounding (earth wire) and the frame with proper ground-fault protection breaker is mandatory.
Wires musi be comectly connected to the Charging Station as follows:

- Input side in acconrdance with applicable standards and regulations

- Output side in accordance with installation manual

Tri-phase power supply Vac 400 (480 Vac) +-10%
Max Input current per phaze laz 404 (32A) Ma
input supply network, cumrent rating per phase Lz S04 (4048) (m N
frequency ] 20 (60HZ) +- SHz
Power Factor pf 93 % nom
Efficiency n 94 % nom

{3) The Supply network with associaied exiemal breakers must be cimensioned ai least for 304 per phase + ground wire n EU/ & #04
per phase in USA.

Table 3 — AC input requirement

b. Internal AC input protection

Inrush current limitation IwmuEH LT 904 per phase Max
Rated Current Breaker |sress matmg S0A (40A in USA) typ
Breaking capacity of circuit breaker lemess capacisy |6 KA Max
Circuit breaker curve - C -
Max earth leakage current |LEsxace < 3,9 MA Max
AC Emergency button - Yes -
Switch off AC mains when door open Yes

Owervoltage (IECE0664-1) Class Il

Insulation protection Class (IEC62103) Class | 1500Vac mimn
4] Onily in EU version.



c. DC Output performance

The charger is working as a true current generator. The charger operates in slave mode. The Vehicle battery
managing system (BMS) unit communicates with the charger to manage the battery charge, stop & safety condition
in accordance with Standards Combo 1/ combo 2 / Chademo / Cartac/ and Regulations.

Output voltage Vioc_max 460 VDC Max
Max Output current loo_max 62A (5)(6) Max
Max Output Power Pout 24kW Max
Current Ripple (20Hz to 100Khz) lzipeis_wasx + 1Ams Max
DC Voltage Accuracy Vies +H-2% Max
DC Current Accuracy =3 +H-25% Max
gudg:]sut connector (charging station i - ant - .

COMBO 1 plug (7),

COMBO 2,
Car Plug coupler (single output) - CHADEMO

or

CARTAC
QOutput cable length - 207 (Em) other on demand Max

Table § — D€ Output requirement

{3) The SAE J1T72 GomboT EV coupler with cable 84 WG with from REMA is specified 834 up to 50°G ambient
(6] Cutput curmantd can be sven reduced with the limitation of AC input curmend or infemal femparadurs Imifation.
(7) Available with either Combo 1, Combo 2 Chademo or CATARC Cutput cable. Single outpuf ondy.

Typical charging profile (management by EMS) :

Current

G2amay [~

T

S S—

374V 400max DG Voltage
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ELECTRICAL SPECIFICATIONS

STC= 1000 WM irradiance. 25°C module ternpera ture, AM 1.5 spectrem™®

Standard Test Conditions (STC)
KD255GXA Fa2
P 255
V., 30.4
. 830
v, 376
L 0.08
P +5/-0

MNominal Operating Cell Temperature Conditions (NOCT)

NOCT=800W/M irrodbance, 20°C amivient te

T 43

P 184

v 274
. 672
v, 344
[N 736
PTC 2283

Temperature Coeffidents

P 048

L. 052

| 0.0065
i 036

1 0.06

Dperating Temp -40 o +90

Saries Fuse Rating
Maogmum DC System Voltage (UL}

Hailstone Impact

"5ubyect fo smulator measurement encerarty of +

EYD{ERA resenves the THGNE 12 MOy ENEE IPEC PN WEhour RotiCE

MEC 2008 CORAPLIANT
UL 1703 LIETED
oroes

@ ®

an

perature, AM 1.5 5o

KD260E-URE2

260 W
310 W
8.39 A
38.3 v
2.09 A
#5/0 %

43 "

187 W
279 v
871 A
35.1 v
7.36 A
2328 W

045 %feC
048 B[eC
0.02 B[eC
036 ®[eC
0.06 %[=C
40 to +00 oC

15 A

600 v

in (25mm) i@ 51mp (23m[s)

MODULE CHARACTERISTICS

Cells per module:

0 {6 x 10)

Dimrsensions
" ickchhai

&5 43in 38.98in] 1.8 1in
(1662mm [990mm | 26mmj

Weight

44, 1bs (20.0kg)

PACKAGING SPECIFICATIONS

Modubas por pallet:

20

Fallets per 53" container

el

Pallet oo dimensions:
Sengthywicithy Faeight

B6in| 40in |47in
[1675mm)| 1005mm | 1175mmj

Palllet boo weightt

QD0Hbs (45 0kg)

WRERINC B the imdne fi
WBL it ES ETHEETY D I
Farailing, instaling B opesx:

) [y Sk e

1L, (W

8, 4 A

a1

™.

Erourclng Halw
B AR Tdeh
B IE (dan LOF Ol

Eroumdlng Hele

[ ——__ .
&I (e

FRAME CROSS SECTION DAGRAM

BRI Bike

E1MILIZER &R

OLUR VALUED PARTHER

KYOCERA Solar, Inc. 800-223-9580 B00-523-2329 fax www kyocerasolar.com
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Three-Phase DC-AC Converter DA04
PRODUCT OVERVIEW:

DC-AC converters utilizes advanced Digital PFower Processing with high frequency magnetic
design to provide efficient and high bandwidth dynamic response for voltage and current
regulations with input and cutput voltage and current and power limits protections. The cost
effective high frequency proven magnefic design with robust redundant control provides fast
response, flexibility, reliability, light weight and volume product for Fuel Cell and altemative
energy industry. Extensive diagnostics via CAN-J1939 and RS232.

FEATURES:

DC Input Voltage Range: 450-700Vpe

AC output, 1107220 Vg or 208Vyg, 3O, 524, 15KW

Efficiency: 92% rated,

Short Circuit, OC, O/U V and OT protection.

Stand alone operation.

CAN command, control and diagnostics. Output voltage,

Input and output current/power can be regulated or limited via CAN command.
Output voltages, currents, power, temperature and STATUS reporting.

CAN communication parameters reconfigurable by user through RS232 interface.

APPLICATIONS:

Hybrid Electric and Fuel Cell Vehicles and Renewable Energy Systems.,

Signal Connector: DEUTSCH DT15-

12PA Line regulation (210%) 12 %
1 GND Load regulation +3%
2 PWR_OM (Opto, 10-300) Ripple < +1% + 300 mVp-p
3 12V_PO3 Load ransient {10-80%) < 8% typical
4 13W_NEG Response time 250 ms typical
5 VOUT_ANALOG _CMD Tum-on rise time Soft-start, 450 ms typical
L] AMALOG RTH Quiput protection Owverlpad and short circuit
Fi FAULT (active low OC) Coaling Liquid cooled < 80°C, 12 Lpm
a8 CAN_H Operating tempermature -20°C to +70 *°C
a CAN L Load de-rating 2.5% °C from 80°C liquid
10 RS2 RX Storage temperature -40°C to +105°C
1 R5232_TX Efficiency > E2%
12 #FROGRAM Isolation resistance > 1 MO at 500Vde

DC Input Power Connector: ITT

Weight

42 kg

ALC Output Power Connector: ITT

Dimensions (mm})

L=475, W=345, H=180

www _ushybrid.com

DATA SHEET REV: 1201, Specifications subject to change.

Integrated Components Solutions for Clean Mobility & Energy Conservation
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CITY OF TORRANCE

COMMUNITY DEVELOPMENT DEPARTMENT
3031 Torance Bivd Torrance, CA 90503 (310) 618-5010

For inspections call (310) 818-5301

Inspectors Office Phone: (310) 618-5951 M-Th 7:00-8:00am; 4:00-5:00 pm
Alternating Fridays 7:00-8 :00am; 3:30 -4:00 pm

ADDRESS: 445 MAPLE AVE
APM: T352-012-007 LoT:

O o'~

GROUP 55 PARTNERSHIP
14643 ALTATA DR
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